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Description 

[0001] Refinery streams are typically desuffurized by the Ciaus process wherein elemental sulfur is produced by 
reacting hydrogen sulfide and sulfur dioxide in the presence of a catalyst. The Claus system uses a combustion chanv 
5 ber which, at 982°C to 1 538°C (1 800°F to 2800°F), converts 50 to 70% of sulfur contained in the feed gas into elemen- 
tal sulfur. Sulfur is condensed by cooling the reaction gas to a temperature below the dew point of sulfur after which the 
remaining gas is heated and further reacted over a catalyst. Normally, the gas passes through at least two such Claus 
catalyst stages. 

[0002] The different stages of the process may be represented by the following equations: 

H 2 S + 3/2 02->SO2 + H 2 O 



2H 2 S + S0 2 ->3S + 2H 2 0 

15 

[0003] The overall reaction is: 

3H 2 S + 30 2 ->3S + 3H 2 0 

20 [0004] The final Claus exhaust gas still contains small amounts of H 2 S, S0 2 , CS^ carbon oxysulfide, CO. and ele- 
mental sulfur in the form of a vapor or mist. The exhaust gas can be subjected to post-combustion to convert substan- 
tially everything to S0 2 and then further purified by Claus after-treatments. 

[0005] An after-treatment process which oxidizes all sulfur compounds into S0 2 is disclosed in U.S. Patent No. 
3,764,665 which disclosed a process for removing sulfur oxides from gas mixtures with a solid acceptor for sulfur oxides 

25 wherein the solid acceptor is regenerated with a steam-diluted reducing gas and the regeneration off-gas is fed to a 
Claus sulfur recovery process. The regeneration off-gas is cooled to condense the water vapor contained therein, the 
cooled off-gas is contacted with a sulfur dioxide-selective liquid absorbent, and the liquid absorbent is passed to a buffer 
zone and then to a stripping zone wherein the absorbed S0 2 is recovered from the liquid absorbent and is supplied to 
the sulfur recovery process. By operating in this manner, fluctuations in the sulfur dioxide concentration of the regener- 

30 ation off-gas are leveled-out and a relatively concentrated suffur dioxide stream is supplied to the sulfur recovery proc- 
ess at a relatively constant rate. 

[0006] Although the process of U.S. Patent No. 3,764,665 supplies relatively concentrated sulfur dioxide to the sulfur 
recovery process at a substantially constant rate, the off-gas must be cooled and the liquid absorbent must be trans- 
ferred to a buffer zone before the absorbed S0 2 can be stripped. Therefore, what is needed is a simpler process 
35 whereby these steps are eliminated and energy costs reduced. 

[0007] US. Patent No. 5>29,091 relates to a process for extracting sulfur from a gas containing hydrogen sulfide and 
sulfur oxides. 

[0008] This invention is directed to a process for removing low concentrations of sulfur from a gas stream. In accord- 
ance with a broad aspect of the present invention there is provided a mufti-bed process of removing sulfur compounds 

40 from a gas stream including sulfur oxides and/or other combustible sulfur-containing compounds. The process com- 
prises the steps of combusting the other combustible sulfur-compounds when present in the gas stream with air or oxy- 
gen to convert such sulfur-containing compounds to sulfur oxide, and form a sulfur oxide enriched gas stream. The 
sulfur oxide enriched gas stream is contacted with first and second serially connected solid adsorbent beds of the multi- 
bed system for adsorbing therein the sulfur oxides in the form of inorganic sulfates or sulfur oxides or combinations 

45 thereof. A third adsorbent bed is contacted with a reducing gas stream to regenerate the third adsorbent bed by reduc- 
ing the retained inorganic sulfates or sulfur oxides or combinations thereof to hydrogen sulfide and/or sulfur dioxide, and 
thereby form a hydrogen sulfide and/or sulfur dioxide bearing stream. After regeneration and i£ necessary, the third 
adsorbent bed is placed in a standby mode until time for realigning the beds. The first and second serially connected 
beds are contacted with the suffur oxide stream until adsorption distribution in the first and second beds indicates a 

so need for realignment. Then the feeds to each of the beds are realigned to place the second and third beds in series with 
the sulfur oxide and/or sulfur dioxide enriched stream being fed to the second bed and to place the first bed in a regen- 
erative mode. The foregoing steps are repeated whereby each of the three beds are sequentially placed in an initial bed 
mode in the series, a regenerative mode, and a second bed mode in the series. 

[0009] In accordance with a specified aspect of the invention, the process further comprises recovering sulfur from 
55 the hydrogen sulfide and/or sulfur dioxide bearing stream. 

[0010] In accordance with another broad aspect of the present invention there is provided a multi-bed system for 
removing sulfur compounds from a gas stream which includes suffur oxides and/or other combustible sulfur-containing 
compounds comprising means for combusting the other combustible sulfur-compounds when present in the gas stream 
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with air or oxygen to convert the sulfur-containing compounds to sulfur oxide, and thus form a sulfur oxide enriched gas 
stream; and means for contacting the sulfur oxide enriched gas stream with first and second serially connected solid 
adsorbent beds of the multi-bed system for adsorbing therein the sulfur oxides in the form of inorganic sulfates or sulfur 
oxides or combinations thereof. The system also includes means for contacting the third adsorbent bed with a reducing 

5 gas stream to regenerate the third adsorbent bed by reducing the retained inorganic sulfates and/or sulfur oxides to 
hydrogen sulfide and/or sulfur dioxide, and thereby form a hydrogen sulfide and/or sulfur dioxide bearing stream. The 
system further provides means for placing the third adsorbent in a standby mode if necessary after regeneration until 
time for realigning the beds. Means are also included for realigning the feeds to each of the beds to place the second 
and third beds in series with the sulfur oxide and/or sulfur dioxide enriched stream being fed to the second bed, and to 

10 place the first bed in a regenerative mode. The realigning means sequentially places each one of the three beds as an 
initial bed mode in the series, a regenerative mode, and a second bed mode in the series. 

[001 1 ] In another specific aspect, there is provided means for recovering sulfur from the hydrogen sulfide and/or sulfur 
dioxide bearing stream. 

[0012] Thus the present invention relates to a process for desulfurizing a gas stream, such as Claus tailgas. A set of 
75 three beds is used, with two of the three beds in series to form an adsorption train, while the third is being regenerated. 
Bed switching typically occurs when the first of the two beds in series is nearly saturated with SOx. This approach 
allows for higher utilization of the solid sorbent capacity. In addition, spare sorbent capacity is always available in case 
of unit upsets, and the condition of the sorbent is easily monitored. 

20 Fig. 1 is a schematic flow diagram of a three-bed system in accordance with the present invention for recovering 
sulfur from a gas stream including SOx and/or combustible sulfur-containing compounds; 
Fig. 2 is a graphic representation of a steep adsorption front case wherein the first serially connected bed is almost 
totally utilized before frontal breakthrough; and 

Fig. 3 is a graphic representation of a shallow adsorption front case wherein the beds are preferably switched 
25 before saturation of the first bed, and before frontal break-through of the second bed. 

[0013] With reference to Fig. 1, a hydrogen sulfide containing exhaust gas stream 10 comprising hydrogen sulfide 
from an elemental sulfur recovery unit 1 1 , for example a Claus plant, is fed to a relatively small combustion furnace 12. 
An air stream 14 and a fuel gas stream 16 are also fed to the combustion furnace 12 at rates sufficient to maintain the 
- 30 temperature in the furnace 12 within the range of 482°C to 760°C (900°F to 1 ,400°F), preferably from 593°C to 704°C 
(1 t 100°F to 1 ,300°F), to completely convert hydrogen sulfide to sulfur oxides (SOx). A sulfur oxide enriched gas stream 
from the furnace 1 2 is fed by a line 19 through a valve 20, a line 21 to a first solid adsorbent bed 22. The outlet 23 of 
the first adsorbent bed 20 is connected through a valve 31 , a line 24, to the inlet of a second solid adsorbent bed 25. 
The output 26 of the second bed 25 is connected through a valve 27, lines 28, 29 to a stack 30. Thus, the first 22 and 
35 second 25 beds are connected in series between the furnace 1 2 and the stack 30, and adsorb therein the sulfur oxides 
from the sulfur oxide enriched stream 19. The sulfur oxides are adsorbed in the form of inorganic sulfates or sulfur 
oxides or combinations thereof, and the sulfur oxide depleted stream is passed to the stack 30 by line 26, valve 27 and 
line 28. 

[0014] The third solid adsorbent bed 32 is initially in a regeneration mode while the first and second beds are in an 
40 adsorbent mode. During regeneration, a stream of reducing gas from a source 33 travels by a line 34, a valve 35 and a 
line 36 to the third bed to reduce the retained inorganic sulfates or sulfur oxides or combinations thereof to hydrogen 
sulfide and/or sulfur dioxide and thus form a hydrogen sulfide and/or sulfur dioxide bearing stream which is returned to 
the Claus plant 1 1 by a line 37, a valve 38, and a line 39. Since regeneration of the third bed 32 will be completed before 
the first and second beds have adsorbed a desired amount of sulfur oxides, the third bed is preferably placed on 
45 standby by closing valves 35 and 38. 

[0015] When adsorption distribution in the first and second beds requires that the first bed be removed from the 
series, the feeds to each of the beds are realigned such that the second bed 25 and the third bed 32 are placed in series 
between line 1 9 and the stack by first closing valves 20 and 3 1 , and opening valve 40 to disconnect the first bed 22 from 
the second bed 25 and to connect the sulfur oxide enriched stream from line 19 to the inlet of the second bed 25. At the 
so same time valve 41 is opened to serially connect the third bed to the second bed and valve 42 is opened to provide a 
path from the outlet line 37 of the third bed to the line 29 to the stack 30. 

[0016] As the second and third beds 25, 32 are being connected in series, the first bed 22 is placed in a regeneration 
mode by opening valves 43, 44 to provide a path for the reducing gas from the source 33, the valve 43, the line 22, the 
first bed 22, the line 23, the valve 44 and the line 39 to the Claus plant 1 1 . The reducing gas then regenerates the first 
55 bed 22, and forms a hydrogen sulfide and/or sulfur dioxide stream which is sent to the Claus plant 1 1 via line 39. When 
the first bed is regenerated, the first bed is placed on standby by closing valves 43 and 44. 

[0017] When the second and third beds 25, 32 have an adsorption distribution requiring that the second bed be 
removed from the series, the feeds to each of the beds are realigned such that the third and first beds 32, 22 are con- 
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nected in series. The valves 50. 51, 52 to provide a path for the sulfur oxide enriched gas stream 19 through valve 50, 
line 36. the third bed 32, valve 51 . line 53 . to the inlet of the first bed 22, and the valve 52, the line 29. to the stack 30. 
[0018] At the same time, the second bed is placed in a regeneration mode by opening valves 55, 56 to pass reducing 
gas to the second bed 25, and return the desorbed hydrogen sulfide and/or sulfur dioxide bearing stream to the burner . 
5 12. Thus, each one of the three beds is sequentially placed in an initial bed mode in the series, taken out of the series 
for a regeneration mode and then placed in a second bed mode in the series. 

1001 9] While in an adsorbent mode, each of the beds 22, 25. 32 operate at a temperature from 482°C to 760°C (900°F 
to 1 ,400°F). A temperature of from 593°C to 704°C (1 ,100°F to 1 ,300°F) is preferred. The oxygen content of the stream 
19 entering the beds in an adsorbent mode is in an amount of from 0.10 to 10 vol%, preferably from 2 to 4 vol%. It is 

10 contemplated that the combustor 12 may be operated with excess oxygen supplied by the air stream 14. In this case, 
air or oxygen may not have to be added to the feed stream 19 to the beds. Pressure within each bed should be main- 
tained at a pressure of from 10.1 kPa (about 0.1 atmosphere) to 1013 kPa (about 10 atmospheres), preferably from 152 
kPa (about 1.5) to 304 kPa (about 3.0) atmospheres. Gas hourly space velocity (GHSV) should be from 500 to 20,000 
hr 1 , and preferably from 3,000 to 5.000 hr' 1 . An additional benefit of operating each bed during the adsorbent mode 

75 within these parameters is that any carbon monoxide therein is converted into carbon dioxide which is released into the 
environment. 

[0020] The adsorbent in each bed can be in the form of balls, pebbles, spheres, extrudates, channeled monoliths, 
microspheres or pellets. This sulfur oxide-capturing adsorbent provides absorbers or acceptors which absorb, and col- 
lect, or otherwise remove sulfur oxides from the effluent gaseous stream. In one embodiment, the bed contains Mg/Al 
20 spinels. 

[0021 ] The outlet conduits 23, 26, 37 are monitored by a sensor. A suitable sensor is a Siemens Ultramat 22P infrared 
analyser. Of course, as will be understood by those skilled in the art, other comparable analyzing equipment can be 
used. 

[0022] Sulfur dioxide break-through occurs when a substantial increase in the concentration of sulfur dioxide occurs 
25 in one of the lines 23, 26, 37. This increase may be in the order of from about 3 ppm to about 250 ppm in less than about 
2 minutes. 

[0023] During regeneration of each adsorbent bed 22, 25, 32 the temperature is maintained between 482°C (900°F) 
to 760°C (1 ,400°F); and the pressure in the reactor 20 is maintained at 10.1 to 1013 kPa (about 0.10 to about 10 atmos- 
pheres), preferably 50.6 to 304 kPa (about 0.5 to about 3 atmospheres). The reducing gas stream 33 is directed into - 

30 the bed under regeneration is at a gas hourly space velocity (GHSV) of about 10 to about 1 ,000 hr 1 , preferably about 
100 to about 150 hr 1 . Initially, a GHSV of about 300 hr' 1 is preferred when commencing regeneration of a fixed-bed 
adsorbent so that a higher concentration of liberated gases can be removed from the regenerator. As regeneration pro- 
ceeds, the GHSV can be reduced to about 50 as the concentration of liberated gases diminishes. Similarly, although 
hydrogen is the preferred reducing gas for regeneration, other hydrocarbon reducing gases can be used. These will 

35 preferably comprise C 1 through C 5 hydrocarbons. Substantially improved regeneration results are anticipated when 
water 60 is co-fed into the bed along with the hydrocarbons. The hydrogen and/or hydrocarbon stream 32 may contain 
0.0 to 50% water. Syngas, a mixture of CO and hydrogen, may also be used as a reducing gas. 
[0024] Although the embodiments are described with the reducing gas flowing through the beds in the same direction 
as the sulfur oxide enriched stream flow, it is contemplated that the reducing gas can alternatively be back-flowed 

40 through the beds during regeneration. This would ensure that the last part of the bed that adsorption gases see is very 
active. Also, although the Fig. 1 embodiment is described with reference to Claus tailgas, the invention is useful for any 
combustible sulfur-containing gas compounds, e.g. flue gases such as FCC flue gas. 

Computer Simulations 

45 

[0025] A computer simulation of adsorption fronts moving through fixed beds was written to explore the benefits of 
various process configurations. The computer model uses a shrinking core model, cast in cylindrical geometry, to 
described the SOx uptake by an individual particle. This model is described in reference works such as "Chemical 
Reactor Analysis and Design" by G.F. Froment and K. B. Bischoff (John Wiley and Sons, New York, 1979). The param- 
so eter values for the simulations were found to fit the breakthrough results in a laboratory reactor, with some allowance 
for sorbent aging. The operating conditions (e.g. bed length, flow rates, feed concentration) are suitable for a full scale 
embodiment. 

[0026] For these experiments, the operating pressure and temperature were 1 1 1 kPa (1 .1 atmospheres) and 649°C 
(1 ,200°F). Other assumptions were a feed concentration of S0 2 of 0.43 vol%, gas velocity of 1 05 cm/sec, and an uptake 
55 capacity of the sorbent at long times of 46.5 SOx (as S0 3 ) per gram of fresh sorbent. The bed density was 0.707 Q/ctr^. 
The dimensionless parameter of effective diffusivity divided by the particle radius, and by the mass transfer coefficient 
had a value of 0. 1 1 . The maximum S0 2 concentration permitted in the effluent from the system was 1 ppm. 
[0027] In the base case, the sorbent was distributed in two beds each having a 135 cm length. While one bed was on 
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adsorption duty, the other was being regenerated or was on standby after regeneration. It takes a shorter period of time 
to regenerate than to complete an adsorption cycle, in the second case which is an embodiment of the present inven- 
tion, the same amount of sorbent was distributed in three beds, each 90 cm long. 

5 Two-Bed System 

[0028] From the time the feed was introduced to the first 135 cm bed until the time the effluent S0 2 concentration 
reached 1 ppm, was 1 , 1 1 8 min (1 8.6 hr). At this point adsorption on this bed was stopped, and the bed was switched 
to regeneration; while the other (regenerated) bed was switched into adsorption service. The total SOx loading on the 
10 first bed at this point was 36.8 wt%, therefore only 79.1% of the total uptake capacity of the sorbent could be utilized in 
this system. Each bed would be cycled once every 37.2 hr (i.e., 2 x 18.6 hr). This higher cycling.rate results from less 
than 100% sorbent capacity utilization which can lead to faster sorbent deactivation. 

[0029] Another disadvantage of the two-bed system of operation is that the beds are not switched until the S0 2 efflu- 
ent concentration actually approaches the allowable limit. This makes for vulnerability to excessive emissions if a proc- 
15 ess upset should occur near the switching time. A partial solution to this problem would be to switch beds well before 
the effluent S0 2 concentration approaches the emission limit. However, this would have the effect of reducing sorbent 
capacity utilization even further. 

[0030] Still another disadvantage of the two-stage system is that if significant S0 2 breakthrough at the bed exit is not 
permitted to occur, it can be difficult to monitor the condition of the sorbent, or even know how close the sorption front 
20 is to breakthrough. Thus, the operator would not know how much spare capacity is available in the bed. 

Three-Bed System 

[0031 ] The three-bed system of the present invention solves the above-noted problems with the conventional 2-bed 
25 system. For comparison in model calculations, the same amount of sorbent was used as in the two-bed system, but was 
distributed in 3 beds, each 90 cm long. Two out of the three beds were always in series performing adsorption, while a 
third bed was on regeneration or standby following regeneration. At the time of valve switching, the first bed in the 
adsorption train switches to a regeneration mode, the second bed is moved to the first bed position, and the recently 
regenerated bed becomes the second bed in the adsorption train. 
30 [0032] Operation of the three-bed system significantly differs from the two-bed system. As long as the length of the 
adsorption front within the beds is less than the length of a single reactor, nearly 100% sorbent utilization can always 
be attained. For this case, which is typical, the preferred time to switch reactors is when the S0 2 concentration in the 
effluent from the first bed reaches 95-1 00% of the feed concentration. At this point, the first bed is essentially saturated 
and is no longer sorting much SOx. The adsorption front is then contained within the front section of the second bed. 
35 In other words, the preferred valve switching point is when the adsorption front has nearly completed passage past the 
exit of the first bed in the series. This contrasts with the 2-bed system where the usual valve switching point is just 
before the adsorption front starts passage out the exit of the single bed on adsorption duty. 

[0033] The velocity of the adsorption front as it moves through a bed can be calculated from a simple mass balance: 

40 (gas velocity) (S02 molar feed cone.) (BO g/inol S03) 

Front vel . = — • — - — — 

(sorbent bulk density) (sorbent uptake capacity) 

45 

[0034] For the conditions used in this simulation, the front velocity was 0.0955 cm/min. For a 90 cm bed length, the 
preferred bed switching time (i.e. the time .for the front to propagate one bed length) was 15.7 hr. Therefore, each bed 
would be regenerated every 47.1 hr (=3 x 15.7 hr). 

[0035] One advantage of the three-bed system is that the sorbent capacity is fully utilized. This translates into less 
so frequent cycling of the sorbent, which can extend sorbent lifetime. Also, more deterioration in sorbent performance can 
be tolerated, since the intrinsic sorbent capacity is better utilized. 

[0036] Another advantage of the three-bed system is that the full adsorption front can be allowed to break through the 
first bed. Monitoring of the timing and shape of this breakthrough curve can furnish valuable information on the state of 
the sorbent and on other developments such as nonideal flow patterns in the bed. 
55 [0037] A third advantage of the three-bed system is that, at the time of bed switching, the adsorption front is contained 
in the front section of the second bed. The adsorption front, defined as the distance along the bed from a point where 
the S02 concentration in the gas phase drops below 99% of the feed concentration to where the S0 2 concentration 
drops to 1 ppm. For the example herein, the absorption front is about 43 cm long. Thus, at the preferred switching time, 



5 



EP0740 580 B1 



this front extended from the front of the second bed to a point 43 cm from its entrance. This left 47 cm (more than half 
the bed) as spare capacity in case of a process upset. For instance, if the switching event had to be delayed, adsorption 
could have continued another 8.2 hours before 1 ppm SO2 started to emerge in the effluent of the second bed. 
[0038] It should be noted, however, that if subsequent cycles reverted immediately to the normal 15.7 hr switching 
5 interval, the adsorption front at the time of valve switching would remain at the exit of the second bed, leaving no spare 
capacity for further upsets. In order to move the location of the adsorption front (at the time of valve switching) to its pre- 
ferred location near the entrance of the second bed, the next several valve switchings must be made at intervals of less 
than 15.7 hr. 

[0039] The three-bed system of the present invention provides a significant improvement in the configuration of the 
10 fixed-bed process, and economically reduces Claus tailgas effluent concentrations of sulfur and CO below the levels 
attained with current treatment technologies. - 

[0040] Fig. 2 is an example of a steep front case. The initial bed in the series is saturated to the exit of the bed. In this 
case the adsorption front is steep enough that it does not extend more than half-way into the second bed. This case 
provides almost total utilization of the initial bed, and then the initial bed is switched out of the adsorption mode and into 
15 a regeneration mode. 

[0041 ] In a shallow adsorption front case shown in Fig. 3, which might arise with high gas flow rates and/or large par- 
ticles, it is possible that the leading edge of the second bed is not yet saturated, e.g. the first bed may only be at an 80% 
adsorption level. However, in the second case, there still is an advantage by splitting into two beds. 
[0042] If gas flows slower and/or particles are smaller, then the more steep the front. Conversely, the faster the gas 
20 and/or the larger the particle, the more shallow the slope of the adsorption rate front. 

Strategies for switching Bed? 

[0043] In the case of a very steep adsorption front, the system would switch the first bed from an adsorption mode to 
25 a regeneration mode when the effluent from the first bed reached about 95% of inlet concentration, because the first 
bed is almost totally saturated and there is little frontal penetration into the second bed. 

[0044] In the case of a very shallow adsorption front, there may be break through at the end of the second even 
though the first bed is not yet saturated. Thus, there is a need to monitor the exit from the second bed. 
[0045] In the intermediate case, which may be the most common, the effluent from the first bed is monitored and a 
30 mathematical model, such as the one used to calculate the results of this application, is used to predict or extrapolate 
what the shape of the adsorption front is in the second bed. To provide a margin of safety, switching preferable occurs 
before the adsorption front reaches the end of the second bed, for example at 80% into the second bed. 
[0046] Leading edge of the sloped adsorption front show adsorption levels at specific locations in the beds. The rel- 
atively flat trailing portion of the curve indicates that the bed(s) is saturated. 

35 

AdSQrtrents 

[0047] Non-limiting examples of suitable solid adsorbents for use in the present invention include the porous solids, 
alumina, silica, silica-alumina, natural and synthetic zeolites, activated carbon, spinels, clays, and combinations thereof. 
40 Gamma alumina, chi-eta-rho alumina, delta alumina, and theta alumina are particularly useful as adsorbents and sup- 
ports because of their high surface areas. 

[0048] While alpha alumina and beta alumina can be used as adsorbents, they are not as effective as gamma, chi- 
etarho, delta and theta alumina. One or more oxides of other metals can also be used as adsorbents, either alone or in 
combination with alumina or as spinels, such as bismuth, manganese, yttrium, antimony, tin, copper, Group IA metals, 

45 Group IIA metals, rare earth metals, and combinations thereof. Magnesium aluminate spinels are particularly useful as 
adsorbents. These may be magnesium or aluminum rich with magnesium aluminate spinels preferred. Lenthanum and 
cerium are preferred rare earth metals. Naturally occurring rare earths, such as in the form of baestenite, are also useful 
adsorbents. Elemental copper or copper compound adsorbents, such as copper oxide adsorbents, can also be used. 
The copper oxide can be cuprous oxide and/or cupric oxide. Other copper compounds can be used, such as copper (II) 

50 sulfate, copper (II) acetate, copper (II) formate, copper (II) nitrate and/or copper (II) chloride. The adsorbents can also 
be a blend/mixture of high density and low density materials. 

[0049] Also, a metal or metal oxide may be deposited on the solid adsorbent or may be used alone. The metal or metal 
oxide part of the adsorbents can be supported, carried and held on a refractory support or carrier material which also 
provides part of the adsorbents. The support controls the attrition and surface area characteristics of the adsorbents. 
55 The support preferably has a surface area greater than about 1 0 rr^/g and most preferably from about 50 m 2 /g to about 
500 nVg for best results. Suitable supporters include, but are not limited to, silica, alumina, kaolin or other clays, dia- 
tomaceous earth, boria, and/or mullite. The support can comprise the same material as the metal or metal oxide part 
of the adsorbents. 
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[0050] The adsorbents can be impregnated or otherwise coated with at least one oxidizing catalyst or promoter that 
promotes the removal of nitrogen oxides, the oxidation of S0 2 to S0 3 in the presence of oxygen, and the regeneration 
of the soibent It is believed that S0 3 is more readily adsorbed than S0 2 . One useful catalyst is ceria (cerium oxide). 
Another useful catalyst is platinum. Other catalytic metals, both free and in combined form, preferably as an oxide form, 
5 can be used, either alone or in combination with each other or in combination with ceria and/or alumina, such as rare 
earth metals, metals from Group 8 of the Periodic Table, chromium, vanadium, rhenium, tungsten, silver and combina- 
tions thereof. The promoter can comprise the same material as the adsorbent. An even distribution of the promoter is 
preferred for best results and to minimize adsorbent erosion. 

[0051] Useful Group IA metals include lithium, sodium, potassium, rubidium, and cesium. Useful Group II A metals 
10 include magnesium, calcium, strontium, and barium. Useful Group VIII metals are the Group VIII noble metals (the plat- 
inum family of metals) including ruthenium, rhodium, palladium, osmium, iridium, and platinum. The rare earth metals 
are also useful and are referred to as the lanthanides. Suitable rare earth metals include cerium, praseodymium, neo- 
dymium, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, and lutetium. 
[0052] Preferably, the promoter may be selected from the rare earth metals, the platinum group metals and mixtures 
is thereof. Particularly good results are achieved when the promoter is cerium and/or platinum, with cerium giving out- 
standing results. 

[0053] A second promoter, if present, may be selected from the metal or the metal oxide form of iron, nickel, titanium, 
chromium, manganese, cobalt, germanium, tin, bismuth, molybdenum, antimony, vanadium and mixtures thereof. More 
preferably, the second promoter is selected from iron, nickel, cobalt, manganese, tin, vanadium and mixtures thereof . 

20 Additional metals may be also incorporated into the sorbent. For example, the soibent may include small or trace 
amounts of additional metals or metal oxides, such as lanthanum, iron, sodium, calcium, copper, and titanium. 
[0054] The specific amounts of the promoters included in the solid sorbent, if present at all, may vary widely. Prefer- 
ably, the first promoter is present in an amount between 0.001% to 20% by weight, calculated as elemental metal, of 
the solid sorbent, and the second promoter is present in an amount between 0.001% to 10% by weight, calculated as 

25 elemental metal, of the solid sorbent. Preferably, the solid sorbent includes 0.1% to 20%, more preferably 0.2% to 20%, 
and still more preferably 0.5% to 15%, by weight of rare earth metal, calculated as elemental metal. Of course, if a plat- 
inum group metal is employed in the solid sorbent, very much reduced concentrations (e.g., in the parts per thousand 
to parts per million (ppm) range) are employed. If vanadium is included as the second promoter, it is preferably present 
in an amount of 0.01% to 7%, more preferably 0. 1 % to 5%, and still more preferably 0.5% to 2% by weight of vanadium, 

30 calculated as elemental metal. 

[0055] The promoters may be associated with the solid sorbent using any suitable technique or combination of tech- 
niques; for example, impregnation, coprecipitation, ion-exchange and the like, well known in the art. Also, the promoters 
may be added during synthesis of the soibent. Thus, the promoters may be an integral part of the solid sorbent or may 
be in a phase separate from the solid sorbent (e.g., deposited on the solid sorbent) or both. These metal components 

35 may be associated with the solid soibent together or in any sequence or by the same or different association tech- 
niques. Cost considerations favor the preferred procedure in which the metal components are associated together with 
the sorbent. Impregnation may be carried out by contacting the sorbent with a solution, preferably an aqueous solution, 
of the metal salts. 

[0056] it may not be necessary to wash the sorbent after certain soluble metal salts (such as nitrate, sulfate or ace- 
40 tate) are added. After impregnation with the metal salts, the sorbent can be dried and calcined to decompose the salts, 
forming an oxide in the case of a nitrate, sulfate or acetate. 

[0057] The above-mentioned adsorbents are discussed in U.S. Patent No. 4,692,3 1 8. 

[0058] In one general aspect, the present invention may involve use of a sorbent which is represented by the following 
empirical formula: Mg x Al y O z , where the atomic ratio of x to y ranges from 0.1 to 10, and where z is at least as required 
45 to accommodate the valances of the Mg and Al components of the sorbent. This sorbent may have the spinel structure, 
and may contain one or both promoters described above. 

[0059] Metal-containing spinels according to the above empirical formula that are useful in the present invention 
include the alkaline earth metal spinels, in particular magnesium (first metal) and aluminum (second metal)-containing 
spinel. Other alkaline earth metal ions, such as calcium, strontium, barium and mixtures thereof, may replace all or a 
so part of the magnesium ions. Similarly, other metal ions, such as iron, chromium, vanadium, manganese, gallium, boron, 
cobalt, Group IB metals. Group IV metals, Group VA metals, the platinum group metals, the rare earth metals, Te, Nb, 
Ta, Sc, Zn, Y, Mo, W, Tl, Re, U, Th and mixtures thereof, may replace all or a part of the aluminum ions, preferably only 
a part of the aluminum ions. 

[0060] The metal-containing spinels useful in the present invention may be derived from conventional and well known 
55 sources. For example, these spinels may be naturally occurring or may be synthesized using techniques well known in 
the art Thus, a detailed description of such techniques is not included herein. A particularly useful process for prepar- 
ing the solid sorbent is presented in U.S Pat. No. 4,728,635. 

[0061] The Group IA, MA, IB metals, Group IIB metals. Group IV metals, Group VA metals, Group VIA, and Group VIII 
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metals referred to herein are those listed in the Periodic Table of the Elements in the Handbook of Chemistry and Phys- 
ic (61st Edition). 

[0062] Free magnesia and/or alumina (i.e., apart from the alkaline earth metal containing spinel) also may be included 
in the present solid sorbent, e.g., using conventional techniques. For example, in one embodiment, the solid sorbent 

5 preferably includes about 0. 1% to about 30% by weight of free magnesia (calculated as MgO). 

[0063] As mentioned above, potential solid adsorbents are magnesia rich, magnesium aluminate spinels. One exam- 
ple of such a spinel is a commercial magnesia rich, magnesium aluminate spinel containing 0 to 1 00 wt.% excess mag- 
nesia, 5 to 15 wL% cerium, and 1 to 5 wt.% vanadium. These adsorbents are substantially described in U.S. Patent 
Nos. 4,790,982; 4,472,267; and 4,469,589. Another particularly suitable adsorbent is a magnesium-aluminum spinel 

10 with excess magnesia (MgO), and with added RE and other metals, particularly with 13 wt% RE, 0.5 wt% La. 13 wt% 
Ce02 and 1 .5 wt% V in a 1 .59 mm (1/16") extrudate. In general, the magnesium aluminate spinels useful in the present 
invention may be prepared by methods which- are conventional and well known in the art. 

[0064] The following examples are illustrative of sorbents suitable for use in the reactor beds of the present invention. 
75 EXAMPLE 1 

[0065] A ceria/alumina sorbent was prepared by impregnating high pore value gamma alumina (3.18 mm (1/8") extru- 
date from Dycat International) with a solution of 32.7 grams Ce(NO 3 ) 6 .6H 2 0 from Aldrich Chemical Company in 45 
grams of water, using an incipient wetness technique. The material was dried for three hours at 120°C (248°F) and cal- 
20 cined one hour at 700°C (1,292°F), in air. The composition was approximately 11% CeO^M 2 0 z . This material was 
crushed and sieved to 14/60 mesh (API). 

EXAMPLE 2 

25 [0066] A magnesium aluminate sorbent was prepared, Starting with two solutions. Solution I contained 461 .5 grams 
magnesium nitrate, 68.6 grams of concentrated nitric acid, and 500 mis of water. Solution II contained 209.7 grams 
sodium aluminate, 10.7 grams sodium hydroxide, and 500 mis of water. To Solution I were added 2 liters of water, and 
then over a 30 minute period, Solution il. Sodium hydroxide was then added in an amount to bring the pH up to 10.7. 
The resulting mixture was aged for 16 hours and then filtered. The recovered solids were dried at 1 70°C (338°F) for 12 

30 hours and sized to 1 4/60 mesh (API). This material had a composition of about Mg2AI 2 0 5 . 

EXAMPLE 3 

[0067] To make a sorbent with approximately 100 ppm platinum loading, 35 grams of the magnesium aluminate from 
35 Example 2 was impregnated using an incipient wetness technique with a solution of 0.013 gram of chloroplatinic acid 
(37% Pt. assay) in 16 mis of water. The resulting solids were calcined in air at 450°C (810°F) for three hours and sized 
to 14/60 mesh (API). 

EXAMPLE 4 

40 

[0068] A sorbent with approximately 10% ceria loading on magnesium aluminate was prepared by adding a solution 
of 9.71 grams cerium nitrate in 1 6 mis of water to 35 grams of magnesium aluminate from Example 1 , using an incipient 
wetness method. The material was then dried for three hours at 120°C (248°F), calcined in air one hour at 700°C 
(1 ,292°F). and sized to 14/60 mesh (API). 

45 [0069] To test the sorbents' ability to sorb sulfur oxides from a gas mixture simulating an incinerated Claus tail-gas, 6 
grams of each material described in Examples 1 -4 were loaded in an 1 1 mm I.D. quartz reactor with a central thermow- 
ell. The reactor was placed in a radiant furnace for rapid heating and oooling. A gas flow of 360 ml/minute with a com- 
position of 1% sulfur dioxide, 4% oxygen, and 95% nitrogen (on a dry basis) was established through the reactor, after 
the desired sorption temperature was attained. Water, in the amount of 20% of the gas flow, as added by directing part 

so of the feed gases through a saturator held at 65.6°C (about 1 50°F). 

[0070] The sulfur dioxide content in the effluent stream was monitored with a Siemens Uftramat 22P infrared analyzer. 
A cold trap between the reactor and the analyzer removed most of the water on the effluent stream. Sorption experi- 
ments were terminated when the sulfur dioxide level in the effluent exceeded 250 ppm. Sulfur dioxide breakthrough was 
relatively sharp. In general, the analyzer detected no sulfur dioxide for the first 80-90% of the sorption period. Sulfur 

55 dioxide concentration of less than 2 ppm during this portion of the sorption was confirmed by measurements with 
Drager gas measurement tubes. The calculated weight percentage uptake of sulfur oxide as S0 3 during the sorption 
period is reported in the Table below. 

[0071] Regeneration of the solid sorbent was accomplished by contacting it with hydrogen, which was bubbled 
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through a saturator to obtain about 25% water vapor content. The composition of the off-gas during reductive regener- 
ation was determined by injections on to a Hewlett-Packard 5890 gas chromatograph equipped with a thermal conduc- 
tivity detector. Usually, both hydrogen sulfide and Sulfur dioxide could be detected in the off-gas, but typically one gas 
or the other dominated, depending on the sorbent and on operating conditions, as indicated in the following Table. 



TABLE 
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Sorbent Material Identity 


Temperature of Sorp- 
tion and Regenera- 
tion,^ f>F) 


Wt% Uptake During 
Sorption 


Dominate Sulfur Com- 
pound In Regeneration 
Off-Gas 




Ce0 2 /Al 2 0 3 (Ex. 1) 


538 (1,000) 


4.8 


H 2 S 




Ce0 2 /Al 2 0 3 


649 (1,200) 


6.2 


S0 2 


15 


Mg2Al 2 0 5 (Ex. 2) 


649(1,200) 


4.7 


H 2 S 


Pt/Mg 2 AI 2 0 5 (Ex. 3) ' 


649 (1,200) 


33.8 


S0 2 




Ce0 2 /Mg 2 AI 2 0 5 (Ex. 4) 


593 (1,100) 


14.7 


H 2 S 




Ce0 2 /Mg 2 AI 2 0 5 


649(1,200) 


25.2 


S0 2 



20 



[0072] The uptake of SO x was greater for Mg 2 AI 2 6 5 promoted with Pt (Ex.3) and with Ce0 2 (Ex.4) was higher than 
for Mg 2 AI 2 0 5 alone (Ex. 2). For the ceria-promoted materials of Examples 1 and 4, magnesium aluminate was a more 
effective sorbent than alumina, and increasing the operating temperatures from 538°C to 649°C (1000°F to 1200°F) 
25 (Ex.1), and from 539°C to 649°C (1 100°F to 1200°F) (Ex.4) increased SO x sorption which shifted the dominant off-gas 
sulfur species from H 2 S to S0 2 . 

EXA MPLES 

30 [0073] The carbon monoxide oxidation activity of two sorbents was tested by flowing a mixture of 4% carbon monox- 
ide. 4% oxygen, and 8% carbon dioxide at a flow rate of 310 ml/min over 6 grams of each material in an 1 1 mm I.D. 
quartz reactor. Carbon monoxide and carbon dioxide concentration, as a function of reactor temperature, were moni- 
tored by Beckman Model 864 infrared analyzers. With the magnesium aluminate of Example 2, carbon monoxide was 
half converted at 410°C (about 770°F) and substantially ail converted at 460°C (860°F). With the platinum-promoted 

35 magnesium aluminate of Example 3, carbon monoxide was half converted at 266°C (about 51 0°F) and substantially all 
converted at 282°C (540°F). With an empty reactor, there was no detectable carbon monoxide conversion for temper- 
atures up to 649°C (1 ,200°F). 

[0074] This example demonstrates that the designated sorbents are effective in promoting the removal of carbon 
monoxide in the presence of oxygen. 
40 [0075] While the invention has been described in conjunction with specific embodiments thereof, it is evident that 
many alternatives, modifications, and variations will be apparent to those skilled in the art in light of the foregoing 
description. Accordingly, it is intended to embrace all such alternatives, modification, and variations as fall within the 
spirit and broad scope of the appended claims. 

45 Claims 

1 . A multi-bed process of desulfurizing a gas stream including sulfur oxides and/or other combustible sulfur-containing 
compounds comprising the steps of: 

so (a) combusting the other combustible sulfur-containing compounds which are present in the gas stream with 

air or oxygen to convert the sulfur-containing compounds therein to sulfur oxide, and thus forming a sulfur oxide 
enriched gas stream; 

(b) contacting the sulfur oxide enriched gas stream with first and second serially connected solid adsorbent 
beds of the multi-bed system for adsorbing therein the sulfur oxides in the form of inorganic sulfates or sulfur 

55 oxides or combinations thereof ; 

(c) contacting a third adsorbent bed with a reducing gas stream to regenerate the third adsorbent bed by reduc- 
ing the retained inorganic sulfates or sulfur oxides or combinations thereof to hydrogen sulfide and/or sulfur 
dioxide, and thereby form a hydrogen sulfide and/or sulfur dioxide bearing stream; 
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(d) continuing step (b) until adsorption distribution in the first and second adsorption beds requires that the first 
bed be removed from series, and then realigning the feeds to each of the beds to place the second and third 
beds in series with the sulfur oxide and/or sulfur dioxide enriched stream being fed to the second bed and to 
place the first bed in a regenerative mode; and 

(e) repeating steps (b) through (d) whereby each of the three beds are sequentially placed in an initial bed 
mode in the series, a regenerative mode, and a second bed mode in the series. 

2. The process of claim 1 , further comprising after regeneration placing the third adsorbent bed in a standby mode 
until time for realigning the beds. 

3. The process of claim 1 , further comprising recovering sulfur from the hydrogen sulfide and/or sulfur dioxide bearing 
stream. 

4. The process of claim 1 wherein the adsorption rate curve has a steep front and the exit of the first bed is monitored, 
is and wherein step (b) is continued until the concentration of S0 2 in the effluent from the first bed is at least 95% of 

the sulfur oxide enriched stream. 

5. The process of claim 1 wherein the adsorption rate curve has a shallow front, and wherein the exit of the second 
bed is monitored for break-through and step (b) is stopped upon such breakthrough. 

20 - 

6. The process of claim 1 wherein the adsorption rate curve has an intermediate front, and wherein the effluent of the 
first bed is monitored, and a model is used to predict the front in the second bed, step (b) being stopped when the 
front is 80% into the second bed. 

25 7. The process of claim 1 wherein the hydrogen sulfide bearing gas stream is combusted at a temperature of from 
482°Cto760°C. 

8. The process of claim 7 wherein the hydrogen sulfide bearing gas stream is combusted with fuel gas. 

30 9. The process of claim 7 wherein the sulfur oxide enriched stream contacting the solid adsorbent bed has an oxygen 
content of from 0. 10 vol% to 1 0.0 vol%. 

1 0- The process of claim 9 wherein oxygen content is from 2 vol% to 4 vol%. 

35 11. The process claim 1 wherein the solid adsorbent bed while absorbing the sulfur oxides thereon is operated at a gas 
hourly space velocity of from 500 hr 1 to 20,000 hr 1 » a pressure of from 10.1 kPa to 1013 kPa. and a temperature 
offrom482°Cto760°C. 

12. The process of claim 1 wherein the solid adsorbent bed while being regenerated is operated at a temperature of 

40 from 482°C to 760°C, at a pressure of from 1 0 kPa to 1 0 1 3 kPa, and a gas hourly space velocity of 1 0 hM to 1 ,000 hr " 
1 

13. The process of claim 1 wherein the solid adsorbent is alumina impregnated with a rare earth. 

45 14. The process of claim 1 wherein the solid adsorbent is Mg/AI spinels. 

15. The process of claim 1 wherein the solid adsorbent is magnesium, aluminum-containing spinel impregnated with 
vanadium and cerium. 

so 1 6. The process of claim 1 wherein the solid adsorbent is magnesium aluminate impregnated with an oxygen promoter. 

17. The process of claim 16 wherein the promoter is Ce0 2 and/or Pt 

18. The process of claim 1 wherein the sulfur oxide enriched gas stream flows through each bed in one direction, and 
55 the reducing gas stream flows through each bed in the opposite direction. 

1 9. A multi-bed system for removing sulfur compounds from a gas stream including sulfur oxides and/or other combus- 
tible sulfur-containing compounds comprising: 
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means for combusting the other combustible sulfur-compounds when present in the gas stream with air or oxy- 
gen to convert the sulfur-containing compounds to sulfur oxide, and thus form a sulfur oxide enriched gas 
stream; 

means for contacting the sulfur oxide enriched gas stream with first and second serially connected solid 
adsorbent beds of the multi-bed system for adsorbing therein the sulfur oxides in the form of inorganic sulfates 
or sulfur oxides or combinations thereof; 

means for contacting a third adsorbent bed with a reducing gas stream to regenerate the third adsorbent bed 
by reducing the retained inorganic sulfates or sulfur oxides or combinations thereof to hydrogen sulfide and/or 
sulfur dioxide, and thereby form a hydrogen sulfide and/or sulfur dioxide bearing stream; 
means responsive to break-through of one of the first and second beds for realigning the feeds to each of the 
beds to place the second and third beds in series with the sulfur oxide and/or sulfur dioxide enriched stream 
being fed to the second bed and to place the first bed in a regenerative mode, and for sequentially placing each 
one of the three beds in an initial bed mode in the series, a regenerative mode, and a second bed mode in the 
series. 

20. The system of claim 1 9 further comprising means for recovering sulfur from the hydrogen sulf ide and/or sulfur diox- 
ide bearing stream. 

21. The system of claim 19 further comprising means for placing the third adsorbent in a standby mode after regener- 
ation until time for realigning the beds. 

Paten tansprQche 

1. Verfahren mit mehreren Betten. zur Entschwefelung eines Gasstroms, der Schwefeloxide und/oder andere brenn- 
bare schwefelhartige Verbindungen errthait, welches die Schritte umfaBt: 

(a) Vertorennen der anderen brennbaren schwefelhaltigen Verbindungen, die im Gasstrom vorhanden sind. mit 
Luft Oder Sauerstoff, damit die schwefelhaltigen Verbindungen darin in Schwefeloxid umgewandelt werden und 
dadurch ein mit Schwefeloxid angereicherter Gasstrom erzeugt wird; 

(b) Kbntakt des mit Schwefeloxid angereicherten Gasstroms mit einem ersten und einem zweiten in Reihe ver- 
bundenen festen Adsorptionsmittelbett eines Systems mit mehreren Betten, damit die Schwefeloxide darin in 
Form anorganischer Sulfate Oder Schwefeloxide Oder Kombinationen davon adsorbiert werden; 

(c) Kontakt eines dritten Adsorptionsmittelbettes mit einem reduzierenden Gasstrom, damit das dritte Adsorp- 
tionsmittelbett regeneriert wird, indem die zurOckgehartenen anorganischen Sulfate Oder Schwefeloxide Oder 
Kombinationen davon zu Schwefelwasserstoff und/oder Schwefeldioxid reduziert werden, wodurch ein Schwe- 
feiwasserstoff und/oder Schwefeldioxid tragender Strom erzeugt wird; 

(d) Fortsetzen des Schrittes (b), bis es die Adsorptionsverteilung im ersten und zweiten Adsorptionsbett erfor- 
dert, da 3 das erste Bett aus der Reihe entfernt wird, und anschli e Bendes erneutes Ausrichten der Beschickun- 
gen fur jedes Bett, damit das zweite und das dritte Bett in Reihe mit dem mit Schwefeloxid und/oder 
Schwefeldioxid angereicherten Strom geschartet wird, der dem zweiten Bett zugefuhrt wind, und damit das 
erste Bett in einen regenerativen Modus geschartet wird; und 

(e) Wiederholen der Schritte (b) bis (d), wodurch jedes der drei Betten nacheinander in den Modus des ersten 
Bettes in dieser Reihe, einen regenerativen Modus und den Modus des Zweiten Bettess in dieser Reihe 
geschartet wird. 

2. Verfahren nach Anspruch 1 , das auBerdem nach der Regenerierung bis zum Zeitpunkt der erneuten Ausrichtung 
der Betten das Schalten des dritten Adsorptionsmittelbettes in einen Bereitschaftsmodus umfaBt. 

3. Verfahren nach Anspruch 1 , das auBerdem die Gewinnung von Schwefel aus dem Schwefelwasserstoff und/oder 
Schwefeldioxid tragenden Strom umfaBt. 

4. Verfahren nach Anspruch 1 , wobei die Kurve der Adsorptionsgeschwindigkeit eine steile Front hat und der AuslaB 
vom ersten Bett Qberwacht wird, und wobei der Schritt (b) fortgesetzt wird, bis die Kbnzentration von S0 2 im Abf luB 
vom ersten Bett mindestens 95 % des mit Schwefeloxid angereicherten Stroms betragt 

5. Verfahren nach Anspruch 1 , wobei die Kurve der Adsorptionsgeschwindigkeit eine f lache Front hat und wobei der 
AuslaB des zweiten Betts bezOglich eines Durchbruchs Qberwacht wird und der Schritt (b) bei einem solchen 
Durchbruch unterbrochen wird. 
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6. Verfahren nach Anspruch 1 , wobei die Kurve der Adsorptionsgeschwindigkeit eine mittlere Front hat und wobei der 
AbfluB des ersten Bettes uberwacht wind und ein Modell verwendet wird, urn die Front im zweiten Bett vorherzusa- 
gen, wobei der Schrrtt (b) unterbrochen wird, wenn die Front in das zweite Bett 80 % reicht 

7. Verfahren nach Anspruch 1 , wobei der Schwefelwasserstoff tragende Gasstrom bei einer Temperatur von 482 bis 
760°C verbrannt wird. 

8. Verfahren nach Anspruch 7, wobei der Schwefelwasserstoff tragende Gasstrom mit Heizgas verbrannt wird. 

9. Verfahren nach Anspruch 7, wobei der mit Schwefeloxid angereicherte Strom, der mit dem festen Adsorptionsmit- 
telbett in Kontakt kommt einen Sauerstoffgehalt von 0,10 bis 10,0 Vol.-% hat. 

10. Verfahren nach Anspruch 9. wobei der Sauerstoffgehalt 2 bis Vol.-% betragt. 

1 1 . Verfahren nach Anspruch 1 , wobei das feste Adsorptionsmittelbett, wenn die Schwefeloxide darauf absorbiert wer- 
den, bei einer stQndlichen Gas-Raum-Geschwindigkeit von 500 bis 20.000 h* 1 , einem Druck von 10,1 bis 1 .01 3 kPa 
und einer Temperatur von 482 bis 760°C betrieben wird. 

12. Verfahren nach Anspruch 1, wobei das feste Adsorptionsmittelbett, wenn es regeneriert wird, bei einer Temperatur 
von 482 bis 760°C, einem Druck von 10 bis 1.013 kPa und einer stQndlichen Gas-Raum-Geschwindigkeit von 10 
bis 1.000 h 1 betrieben wird. 

13. Verfahren nach Anspruch 1, wobei das feste Adsorptionsmittel mit Seltenen Erden impragniertes Aluminiumoxid 
ist. 

14. Verfahren nach Anspruch 1, wobei das feste Adsorptionsmittel Mg/AI-Spinelle ist. 

15. Verfahren nach Anspruch 1, wobei das feste Adsorptionsmittel Magnesium, Aluminium enthaltendes Spinell, 
impragniert mit Vanadium und Cer, ist. 

16. Verfahren nach Anspruch 1, wobei das feste Adsorptionsmittel mit einem Sauerstoff-Promotor impragniertes 
Magnesiumaluminat ist. 

17. Verfahren nach Anspruch 16, wobei der Promoter Ce0 2 und/oder R ist 

18. Verfahren nach Anspruch 1, wobei der mit Schwefeloxid angereicherte Gasstrom durch jedes Bett in eine Richtung 
und der reduzierende Gasstrom durch jedes Bett in der entgegengesetzten Richtung strdmt. 

19. System mit mehreren Betten zur Entfernung von Schwefelverbindungen aus einem Gasstrom, der Schwefeloxide 
und/oder andere brennbare schwefelhaftige Verbindungen urrrfaBt, welches urrrfaBt: 

eine Einrichtung zum Verbrennen der anderen brennbaren Schwefelverbindungen, falls im Gasstrom vorhan- 
den, mit Luft oder Sauerstoff, damit die schwefelhaltigen Verbindungen in Schwefeloxid umgewandeft werden 
und somit ein mit Schwefeloxid angereicherter Gasstrom erzeugt wird; 

eine Einrichtung zum Kontakt des mit Schwefeloxid angereicherten Gasstroms mit einem ersten und einem 
zweiten in Reihe verbundenen festen Adsorptionsmittelbett eines Systems mit mehreren Betten, damit darin 
Schwefeloxide in Form anorganischer Sulfate oder Schwefeloxide oder Kombinationen davon adsorbiert wer- 
den; 

eine Einrichtung zum Kontakt eines dritten Adsorptionsmittelbettes mit einem reduzierenden Gasstrom, damit 
das dritte Adsorptionsmittelbett regeneriert wird. indem die zurGckgehaltenen anorganischen Sulfate oder 
Schwefeloxide oder Kombinationen davon in Schwefelwasserstoff und/oder Schwefeldioxid umgewandelt wer- 
den und dadurch ein Schwefelwasserstoff und/oder Schwefeldioxid tragender Strom erzeugt wird; 
eine Einrichtung, die auf den Durchbruch des ersten und/oder zweiten Bettes reagiert, damit die Beschickun- 
gen zu jedem Bett erneut ausgerichtet werden, damit das zweite und das dritte Bett in Reihe mit dem mit 
Schwefeloxid und/oder Schwefeldioxid angereicherten Strom geschaftet werden, der dem zwertem Bett zuge- 
fOhrt wird, und damit das erste Bett in einen regenerativen Modus geschaltet wird, und damit jedes der drei 
Betten nacheinander in den Modus des ersten Bettes in dieser Reihe, den regenerativen Modus und den 
Modus des zweiten Bettes in dieser Reihe geschaltet wird. 
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20. System nach Anspruch 19, das auBerdem eine Einrichtung zur Gewinnung von Schwefel aus dem Schwefelwas- 
serstoff und/oder Schwefeldioxid tragenden Strom umfaBt. 

21. System nach Anspruch 19, das auBerdem eine Einrichtung umfaBt, urn das drrtte Adsorptionsmittel nach der 
5 Regenerierung bis zum Zeitpunkt der erneuten Ausrichtung der Betten in einen Bereitschaftsmodus zu schalten. 

Revindications 

1 . Un proc6d6 multi-lit pour la d6sulfuration d'un courant gazeux comprenait des oxydes de souf re et/ou d'autres com- 
10 pos6s combustibles contenant du soufre. comprenant les stapes de: 

(a) combustion des autres composes combustibles contenant du soufre qui sorrt presents dans le courant 
gazeux avec de Fair ou de I'oxyg&ne pour convertir les composes contenant du soufre en oxydes de soufre. et 
former ainsi un courant gazeux enrichi en oxydes de soufre; 
15 (b) mise en contact du courant gazeux enrichi en oxydes de soufre avec des premier et deuxieme lits d'adsor- 

bant solide relics en s6rie du systeme multi-lit pour y adsorber les oxydes de soufre sous la forme de sulfates 
inorganiques ou d'oxydes de soufre ou de leurs combinaisons: 

(c) mise en contact d'un troisidme lit d'adsorbant avec un courant gazeux r6ducteur pour r6gen6rer le troisieme 
lit d'adsorbant par reduction des sulfates inorganiques ou des oxydes de soufre ou de leurs combinaisons qui 

20 y sont retenus en hydrogene sulfure et/ou dioxyde de soufre, et former ainsi un courant portant de Thydrogfcne 

sulfure et/ou du dioxyde de soufre; 

(d) poursuite de retape (b) jusqu'e ce que la distribution d'adsorption dans les premier et deuxieme lits 
d'adsorption exige que le premier lit soit mis hors circuit, et ensuite remise en s6rie des charges envoyees k 
chacun des lits de fagon k mettre les deuxieme et troisieme lits en s6rie tandis que le courant enrichi en oxyde 

25 de soufre et/ou dioxyde de soufre est amen6 au deuxieme lit et pour mettre le premier lit en mode regenera- 

tion; et 

(e) repetition des etapes (b) k (d) de fagon k mettre successivement chacun des trois lits en mode lit initial dans 
la serie, en mode regeneration et en mode second lit dans la serie. 

30 2. Le procede suivant la revendication 1 , comprenant de plus, apres la regeneration, la mise du troisieme lit d'adsor- 
bant en mode attente jusqu'au moment de la remise en serie des lits. 

3. Le precede suivant la revendication 1 , comprenant de plus la recuperation de soufre du courant portant de I'hydro- 
gene sulfure et/ou du dioxyde de soufre. 

35 

4. Le procede suivant la revendication 1 , dans lequel la courbe du taux d'adsorption a un front abrupt et la sortie du 
premier lit est surveiliee, et dans lequel retape (b) est poursuivie jusqu'fc ce que la concentration en S0 2 dans 
reffluent provenant du premier lit soit d'au moins 95% du courant enrichi en oxydes de soufre. 

40 5. Le procede suivant la revendication 1 , dans lequel la courbe du taux d'adsorption a un front en pente douce et la 
sortie du premier lit est surveiliee pour detecter la perc6e et retape (b) est arr§t6e au moment de ladite percee. 

6. Le procede selon la revendication 1 , dans lequel la courbe du taux d'absorption a un front intermediate et dans 
lequel reffluent du premier lit est surveilie et il est utilise un modeie pour predire le front dans le deuxieme lit, retape 

45 (b) etant arr§tee lorsque le front est k 80% dans le deuxieme lit. 

7. Le procede suivant la revendication 1 , dans lequel le courant gazeux portant de 1'hydrogene sulfure est soumis k 
une combustion k une temperature comprise entre 4S2°C et 760°C. 

so 8. Le procede suivant la revendication 7, dans lequel le courant gazeux portant de Thydrogene sulfure est soumis k 
une combustion avec un gaz combustible. 

9. Le procede suivant la revendication 7, dans lequel le courant enrichi en oxydes de soufre mis en contact avec le lit 
d'adsorbant solide a une teneur en oxygene comprise entre 0,10% en volume et 10,0% en volume. 

55 

10. Le procede suivant la revendication 9, dans lequel la teneur en oxygene est comprise entre 2% en volume et 4% 
en volume. 
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1 1 . Le proc6d6 suivant la revendication 1 . dans lequet le lit d'adsorbant solide alors qu'il absorbe les oxydes de soufre, 
fonctionne k une Vitesse spatiale horaire gazeuse de 500 h" 1 k 20.000 h' 1 , k une pression de 10,1 kPa k 1013 kPa, 
et k une temperature comprise entre 432°C et 760°C. 

12. Le proc6d6 suivant la revendication 1 , dans lequel le lit d'adsorbant solide alors qu'il est en cours de regeneration, 
fonctionne k une temperature de 462°C k 760°C, sous une pression de 1 0 kPa d 1013 kPa et k une vitesse spatiale 
horaire gazeuse de 10 h* 1 k 1 .000 h" 1 . 

13. Le procede suivant la revendication 1 , dans lequel I'adsorbant solide est une alumine impr£gn£e d'une terre rare. 

14. Le procede suivant la revendication 1 , dans lequel I'adsorbant solide est constitu6 de spinelles Mg/AJ. 

15. Le procede suivant la revendication 1, dans lequel i'adsorbant solide est un spinelle contenant du magnesium et 
de raluminium, impregne de vanadium et de cerium. 

16. Le procede suivant la revendication 1, dans lequel I'adsorbant solide est un aluminate de magnesium impregne 
d'un activateur d'oxyg6nation. 

17. Le procede suivant la revendication 16, dans lequel I'activateur est du Ce0 2 et/ou du Pt. 

18. Le procede suivant la revendication 1 , dans lequel le courant gazeux enrichi en oxydes de soufre circule dans cha- 
que lit dans une direction, et le courant de gaz reducteur circule dans chaque lit dans la direction opposee. 

1 9. Un systeme multi-lit pour reiimination de composes du soufre d'un courant gazeux comprenant des oxydes de sou- 
fre et/ou d'autres composes combustibles contenant du soufre, comprenant: 

des moyens pour la combustion des autres composes combustibles contenant du soufre lorsqu'ils sont pre- 
sents dans le courant gazeux avec de fair ou de I'oxygene pour convertir les composes contenant du soufre 
en oxydes de soufre, et former ainsi un courant gazeux enrichi en oxydes de soufre; 
des moyens pour la mise en contact du courant gazeux enrichi en oxydes de soufre avec des premier et 
deuxieme lits d'adsorbant solide relies en serie du systeme multilit pour y adsorber les oxydes de soufre sous 
la forme de sulfates inorganiques ou d'oxydes de soufre ou de leurs combinaisons: 

des moyens pour la mise en contact d'un troisieme lit d'adsorbant avec un courant gazeux reducteur pour reg6- 
n6rer le troisieme lit d'adsorbant en reduisant les sulfates inorganiques ou les oxydes de soufre ou leurs com- 
binaisons qui y sont retenus en hydrogene sulfure et/ou dioxyde de soufre, et former ainsi un courant portant 
de I'hydrogene sulfure et/ou du dioxyde de soufre; 

des moyens pour detecter un franchissement ou percee de Tun des premier et deuxieme lits pour la remise en 
serie des charges envoyees k chacun des lits de fagon k placer les deuxieme et troisieme lits en serie tandis 
que le courant enrichi en oxydes de soufre et/ou dioxyde de soufre est amene au deuxieme lit, et k mettre le 
premier lit en mode regeneration, et pour mettre successivement chacun des trois lits en mode lit initial dans 
la serie en mode regeneration et en mode second lit dans la serie. 

20. Le proc6d6 suivant la revendication 19, comprenant de plus un moyen pour la recuperation de soufre du courant 
portant de I'hydrogene sulfure et/ou du dioxyde de soufre. 

21. Le procede suivant la revendication 19, comprenant de plus des moyens pour mettre le troisieme adsorbant en 
mode attente apres regeneration jusqu'au moment de la remise en serie des lits. 
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